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remembers a clear, uncluttered and 
coherent story. The final, rather 
obvious, ingredient that springs to 
mind is hard work. My Mother is fond 
of quoting Mark Twain: “Don’t go 
around saying the world owes you a 
living. The world owes you nothing. It 
was here first”.
Do you have any regrets or bugbears? 
Like many others I regret not knowing 
more maths. Although perhaps I should 
be careful what I wish for, as being 
more mathematically-savvy might 
prevent the occasional leaps of faith 
that make the naturalistic aspects of 
my research exciting. 
Bugbears: there’s definitely a few, 
but for brevity’s sake I’ll mention 
just two. Like everyone else, I find 
the peer-review process frustrating 
and imperfect, but I don’t have a 
credible alternative to offer. Another 
frustration is the media. I’m fortunate 
that my work engages the interest 
of the general public and the media 
are a crucial conduit in this process. 
However, I sometimes feel a bit like 
an aging rock singer, I’m singing 
new songs, but the media only want 
to hear the old tunes — invariably 
about London taxi drivers. I get a lot 
of media inquiries and many of them 
are lazy, unimaginative, and looking to 
sensationalise. Of course this isn’t true 
across the board and some science 
journalists are well-informed and ask 
important questions of academia, 
science and scientists. It is vital 
that science and the media engage, 
but both sides have some way to 
go in making it a more fulfilling and 
productive relationship. 
What are the next big questions in 
your field? The questions haven’t 
changed. Learning and memory 
are so fundamental to us, so 
enmeshed throughout cognition, 
that ‘solving’ memory, unpacking 
its neural mechanisms and being 
able to conceptualise it fully will, I 
believe, result in revelations across 
neuroscience. And once that’s done 
(!), the whole point of this endeavour 
and the real work, to improve the lot 
of the memory-impaired in a rational 
and principled way and to inform 
education, can begin in earnest.
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In a research career spanning well 
over 50 years, Sir Gabriel Horn, who 
died on 2nd August this year, saw 
the field of neuroscience grow from 
infancy to the mature field that we 
know today. In the year of his birth, 
1927, neuroscience was still a young, 
emerging field of rather specialist 
interest — it was only 20 years earlier 
that Cajal and Golgi had shared 
the Nobel Prize for their work on 
the basic structure of the nervous 
system. Horn’s neuroscientific 
contributions consistently pioneered 
new approaches and areas of 
investigation for others to follow. 
Indeed, his work presaged several 
active directions of contemporary 
research in cognitive and 
developmental neuroscience.
Gabriel Horn attended Handsworth 
Technical School in Birmingham, but 
he left at 16 to work in his parents’ 
tailoring business. He spoke very 
warmly of his parents in a filmed 
interview conducted by Sir Patrick 
Bateson (see www.sms.cam.ac.uk/
ObituaryGabriel Horn in India in 1976. Photo courtesy omedia/1121995). Horn continued 
to study at night school and, after 
National Service in the Royal Air 
Force, took a medical degree at the 
University of Birmingham. That this 
was not a foregone conclusion is 
illustrated by a rather stern letter 
from ‘the Sub-Dean and Tutor’ of the 
Medical School that Gabriel always 
kept above his desk in his study: 
“There is no possibility of you being 
accepted here in the near future and 
since you have no qualifications 
for the medical profession and 
competition is very keen, my advice 
to you is to abandon the project 
altogether for I feel it will only lead 
to disappointment.” Thankfully, Horn 
persisted, and much later, in 1999, 
his alma mater redeemed itself by 
awarding him an honorary doctorate. 
As a medical student, he already 
showed great interest in brain and 
cognition, and during a year working 
with Solly Zuckerman, Professor 
of Anatomy at the University of 
Birmingham, he wrote an essay on 
‘The Neurological Basis of Thought’ 
(www.zoo.cam.ac.uk/zoostaff/
madingley/library/member_papers/
ghorn/Horn%20Neurological%
20basis%20of%20thought.pdf), 
published in a student journal called 
‘The Mermaid’. In this paper, Horn 
laid the foundations of much of his 
later work on the neural basis of 
attention, habituation, memory, and 
development, and he frequently f Lady Horn.
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 referred to that seminal work with 
some pride (on his Cambridge 
University website, he ranked this 
paper among his key publications). 
Zuckerman immediately recognized 
the originality of the essay, and 
wrote ‘Hebb’ all over it. Donald Hebb
had published his seminal book ‘The
Organization of Behavior’ in 1949, 
outlining a theory of memory and 
neural connectivity, which remains 
a bible of cognitive neuroscience 
to this day. Gabriel had never heard 
of Hebb’s theory at the time, but 
had independently come up with 
very similar proposals in his student 
essay. Zuckerman sent the essay to 
the prominent philosopher A.J. Ayer,
who invited Horn for a chat in his 
Mayfair apartment. Ayer proved to 
be rather sceptical, telling Gabriel 
that “physiology has nothing to 
say about sensory perception” — 
clearly, with time, Horn’s faith in 
neurophysiology has been proved 
well justified.
After house appointments at 
children’s and eye hospitals in 
Birmingham (1955–56), Horn 
successfully applied for the position 
of Demonstrator at the Department 
of Anatomy at Cambridge, where 
he would work for the next 18 
years, with promotions to Lecturer 
and Reader. He wanted to set up 
an electrophysiological laboratory 
to study the central nervous 
system, but that kind of work was 
not done in Cambridge at the 
time — nor elsewhere in the UK. In 
order to get properly trained as an 
electrophysiologist, he then spent 
a year with Herbert Jasper at the 
prestigious Montreal Neurological 
Institute at McGill. During that time 
he also regularly attended a seminar
group led by Donald Hebb, whose 
ideas continued to gel with Gabriel’s
own thinking for the rest of his 
career.
Upon his return to Cambridge, 
Horn put his newly acquired 
electrophysiological skills to good 
use, pioneering the analysis of 
neuronal responsiveness in relation 
to behaviour and, eventually to the 
strength of learning and memory. 
In the 1950s and early 60s, Horn 
conducted a number of pioneering 
studies on the mechanisms of 
attention and perception. While the 
post-war years saw rapid advances 
in our psychological understanding 
of attention through the work of Broadbent and others, nothing was 
yet known about its neural basis. 
In a string of papers in the 
early 1960s, Horn and his 
collaborators (including visual 
system neurophysiologist Richard 
Hill, whom he had first met in 1963 
when he was visiting professor at 
Berkeley) explored the properties of 
mammalian visual cortex neurons 
under conditions that revealed 
the influence of top-down factors, 
demonstrating that visual cortex 
responses to the retinal image 
could be modulated. Surprisingly (at 
the time), these conclusions even 
extended to sub-cortical structures. 
For instance, Horn was the first to 
demonstrate that neurons in the 
superior colliculus — the optic 
tectum — received inputs from 
the auditory and somatic sensory 
systems. Pioneering work is often not 
immediately universally accepted, 
and this study was initially received 
with considerable scepticism. It is 
gratifying to see that contemporary 
research has completely vindicated 
and extended Horn’s original results, 
and cross-modal and attentional 
modulation of early sensory 
processing is now a major field of 
investigation [1]. 
During the 1960s, Horn and 
collaborators also pioneered the 
study of neuronal habituation, the 
characteristics of which he compared 
to those of behavioural habituation. 
Work on a variety of species, from 
squid to mammals, culminated in 
his 1970 proposal that the reduction 
of synaptic transmission during 
habituation involved changes in the 
movement of calcium ions on the 
presynaptic side of the synapse, an 
initially controversial proposal again 
supported by subsequent research [1].
In 1974, Horn was appointed 
professor and head of the 
Department of Anatomy at Bristol 
University. Among the people he 
hired there was his former PhD 
student and postdoc at Cambridge, 
Malcolm Brown, who went on to 
become Professor of Anatomy 
and Cognitive Neuroscience at 
Bristol and who remained a close 
collaborator ever since. Horn had 
been at Bristol for only three years 
when he was approached for the 
chair in Zoology in Cambridge. He 
was very reluctant at first, finding 
it ‘ridiculous’ that an anatomist 
should become professor of zoology. Eventually, he was persuaded to 
make the move to Cambridge, where 
he became Head of Department from 
1979–1994. 
Gabriel always emphasized that 
a Departmental Head should also 
lead by example in being active at 
the forefront of research. In the early 
1970s, Horn’s search for the ideal 
model system with which to study the 
basic mechanisms of memory led him 
to discussions with his Cambridge 
colleague, Patrick Bateson, and 
biochemist, Steven Rose. This team 
built on the well-known attempts 
at localization of memory initiated 
by Karl Lashley  in the 1950s, who 
went ‘in search of the engram’ —the 
‘mark’ or ‘trace’ left in the brain by 
the learning experience. Famously, 
Lashley became despondent with 
regard to the possibility of neural 
localisation of the memory trace. 
Horn and his colleagues took up the 
challenge through the analysis of a 
robust and replicable form of early 
learning seen in precocial birds: filial 
imprinting. 
Horn pioneered a ‘bottom-up’ 
approach to memory. The argument 
was that, in order to be able to 
analyse the neuronal correlates of 
learning and memory, the researcher 
has to know where in the brain to 
look for these correlates. This was 
quite different from the dominant 
‘top-down’ paradigms at the time, 
where a particular brain region, 
such as the hippocampus, or 
neural mechanism, such as long 
term potentiation (LTP), was simply 
assumed to be crucial for memory. 
Horn and collaborators took a 
completely different approach, 
their only presupposition being that 
learning and memory would involve 
some kind of structural change in 
the brain, in the way suggested by 
Hebb. Such a change was thought 
to involve protein synthesis. In 
the initial experiments the chick 
brain was quite simply subdivided 
into three main regions (midbrain, 
forebrain roof and forebrain base), 
where protein synthesis was 
measured in relation to the strength 
of learning. Gabriel’s approach 
proved to be hugely successful:  
imprinting became the first paradigm 
where Lashley’s dream of finding 
the engram was realised, although 
neural reality turned out to be 
somewhat more complicated than 
one might have imagined.
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Horn’s team established that 
the neuronal changes underlying 
this form of learning were not 
widely distributed in the brain, but 
restricted to a few discrete brain 
regions, including the left and right 
intermediate medial mesopallium 
(IMM). Neuronal changes consequent 
upon imprinting have been identified 
in the left and right IMM, but are 
different in the two regions [2]. Horn 
was able to show that the changes 
which bring about strengthening of 
connections between specific groups 
of neurons in learning and memory 
are diverse, involve anatomical and 
biochemical changes, and occur 
with differing time courses. These 
studies were characterized by a 
near-unique (for the time) bridging 
between different approaches and 
methods.  Within the same model 
system (imprinting) molecular, 
neurochemical, neuroanatomical, 
electrophysiological, and behavioural 
studies were all conducted, reflecting 
Horn’s belief that to adequately 
understand brain function, an 
interdisciplinary and multi-method 
approach would be required, a view 
that seems far more self-evident 
today than it did at the time [3].
In the mid-1980s, Horn and 
collaborators discovered that the 
development of social preferences 
in chicks is a result not only of 
learning (imprinting), but also of 
predispositions. Horn found that, 
during development, specific 
predispositions interact with 
learning, resulting in particular social 
preferences. Further, Horn’s group 
demonstrated that the two systems 
have different neural substrates. 
This work has subsequently inspired 
much research into the early 
development of social behaviour in 
both animals and human infants, 
for example the development of 
face recognition or attachment. 
Inspired by the dissociation between 
initial orienting to social stimuli 
(predisposition in Horn’s terminology) 
and the subsequent learning about 
the stimulus in question, some have 
speculated that autism in human 
children is a deficit in the former 
(social orienting) system.
From his very humble beginnings in 
Birmingham, Horn went on to receive 
every conceivable national accolade: 
he was elected as a Fellow of the 
Royal Society in 1986; Master of Sidney Sussex College, Cambridge, 
from 1992–1999; and recipient of the 
Royal Society’s most prestigious 
award available to biologists, the 
Royal Medal, in 2001. In 2002, he 
was awarded a knighthood ‘For 
services to neurobiology and to 
the advancement of scientific 
research’. When he became Head 
of the Department of Zoology at 
Cambridge, he immediately set 
out to build it up and fill it with 
the most eminent people he could 
find — all in other fields than his 
own. One of his major coups was to 
bring in John Gurdon as professor 
of developmental biology. Gabriel 
predicted that Gurdon would get the 
Nobel Prize for his pioneering work 
on cell cloning — a prediction that 
came true earlier this year. In all the 
places he led — department, college 
or research lab — an atmosphere 
was created in which members felt 
part of an extended family. Lady 
Horn (the artist and natural history 
illustrator, Priscilla Barrett), his 
second wife, played a significant role 
in making everyone feel included and 
‘part of the family’.
At the turn of the millennium, 
we put together a Festschrift for 
Horn, in celebration of his many 
achievements and his continued 
pursuit of the study of brain and 
cognition [1]. The list of contributors 
to the book has many of the top 
scientists in their respective fields, 
including Eric Kandel, who had 
just received the Nobel Prize. It is 
a great tribute to Horn that they 
were all very keen to contribute to a 
book in his honour. Typically, Horn 
was not just a passive recipient of 
this tribute, but contributed one of 
its finest chapters, which in typical 
style he decided to give the title ‘In 
Memory’ [1]. And, to illustrate his 
unabated passion for neuroscience, 
around that time Horn and his 
colleagues published an important 
paper, challenging the predominant 
view that the neural changes 
underlying memory reflect linear 
processes such as are implied in 
simple Hebbian models of memory-
related neural plasticity [4]. 
Most recently, Horn and colleagues 
focused their efforts on the role of 
sleep in learning during imprinting. In 
a landmark paper in Current Biology 
[5] (hailed as a major advance by 
Robert Stickgold in a later issue), 
they demonstrated that a period of sleep after the imprinting episode is 
essential for memory consolidation. 
This exciting new line of research 
is being pursued at Cambridge by 
Horn’s long-time collaborators, Brian 
McCabe and Alister Nicol. 
Although passionate about 
his political views, for most of 
his career Horn believed that 
politics and science should not be 
mixed. Latterly, however, he came 
increasingly to the view that public 
policy makers need to be educated 
about contemporary scientific 
findings. Thus, he initiated and 
chaired the Cambridge University 
Government Policy Programme for 
a period of ten years. In addition, he 
chaired the Committee to Review 
the Origin of BSE in 2001 and more 
recently the UK Government’s 
Forsesight project committee on 
Brain science, addiction and drugs 
(published by the Academy of 
Medical Sciences and freely available 
at www.acmedsci.ac.uk/p99puid126.
html). 
To the very end, Sir Gabriel 
remained actively enthused by 
science and full of new ideas for 
research. Indeed, even on his last 
day he had scheduled a meeting to 
discuss a new paper that he was 
working on. Beyond his impressive 
scientific legacy, there will always 
remain the inextinguishable 
memory of a wonderfully warm and 
charismatic man, with a great love 
of life and a passion for cognitive 
neuroscience. 
References
 1. Bolhuis, J.J. (ed.) (2000). Brain, Perception, 
Memory. Advances in Cognitive 
Neuroscience. (Oxford: Oxford University 
Press.) 
 2. Horn, G. (1985). Memory, Imprinting, and the 
Brain. (Oxford: Clarendon Press.)
 3. Horn, G. (2004). Pathways of the past: the 
imprint of memory. Nat. Rev. Neurosci. 5, 
108–120.
 4. Horn, G., Nicol, A.U., and Brown, M.W. (2001). 
Tracking memory’s trace. Proc. Natl. Acad. 
Sci. USA 98, 5282–5287.
 5. Jackson, C., McCabe, B.J., Nicol, A.U., Grout, 
A.S., Brown, M.W., and Horn, G. (2008). 
Dynamics of a memory trace: Effects of sleep 
on consolidation. Curr. Biol. 18, 393–400.
1Professor of Cognitive Neurobiology, 
Helmholtz Institute, Departments of 
Psychology and Biology, Utrecht University, 
Padualaan 8, 3584 CH  Utrecht, The 
Netherlands. 2MRC Director of the Centre 
for Brain and Cognitive Development, 
Birkbeck, University of London, Henry 
Wellcome Building, Malet Street, London 
WC1E 7HX, UK.  
E-mail: J.J.Bolhuis@uu.nl,  
mark.johnson@bbk.ac.uk
